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GAN-BASED FIELD EFFECT TRANSISTOR
AND PRODUCTION METHOD THEREFOR

TECHNICAL FIELD

il

The present mvention relates to a field-effect transistor
having a heterostructure with a remarkable high output, high

breakdown voltage, high speed, and high frequency response.

BACKGROUND ART

A heterostructure field-etlect transistor (FET) 1s a transis-
tor having an interface (heterointerface) consisting of two
materials with different properties such as lattice constants,
and two-dimensional electron gas formed at the heterointer-
face 1s made a channel. As a heterostructure FET, GaN-based
FET i1s known. As the GaN-based FET, AlGaN/GaN hetero-
structure FET 1s known (see for example, following patent
document 1 (Japanese Patent application laid-open No. 2003 -
258005), patent document 2 (Japanese patent application
laid-open No. 2003-243424)). This AlGalN/GaN heterostruc-
ture FE'T can obtain a high two-dimensional electron density
due to a polarization etfect. F1G. 8 shows a schematic diagram
of a general heterostructure FET. As shown 1n FIG. 8, the
heterostructure FET includes a substrate 2, a butier layer 3
provided on the substrate, a channel layer 4 provided on the
butler layer, a spacer layer 5 provided on the channel layer,
and a barrier layer 6 provided on the spacer layer. Generally,
a source electrode 7, a gate electrode 8, and a drain electrode
9 are provided.

In order to 1increase gate eflectiveness of the transistor and
to improve transconductance (g, ), 1t 1s desirable to reduce the
thickness of the AlGaN barrier layer. However, when the
thickness of the AlGaN layer 1s reduced, the effect of the
clectric field due to the AlGaN surface states at the AlGaN/
(GaN heterointerface 1s increased. This brings problems that
the polarization effect at the heterointerface 1s reduced, the
two-dimensional electron density 1s reduced, and the resis-
tance of the channel 1s increased.

Therefore, 1n order to improve the performance of the
AlGaN/GaN heterostructure transistor, and to respond to
increase in speed and frequency, it 1s effective to reduce the
thickness of the AlGaN layer, while simultaneously reducing,
the effect of the electric field due to the AlGaN surface states,
in order to increase the polarization effect at the AlGalN/GaN
heterointerface and increase the two-dimensional electron
density. From this view point, a recessed-gate FET 1s known,
in which a cap layer and the barrier layer just under the gate
clectrode portion are dug down by etching to make the gate
clectrode closer to the channel layer (for example, the follow-
ing non-patent document 1 (Yoshiaki SANO, Katsuaki
KAIFU, Juro MITA and Takashi EGAWA, “Recessed gate
nitride field effect transistor with high transconductance char-
acteristics”, Oyo Buturi, Vol. 73, No. 3 Pages 358-362, 2004),
and patent document 3 (Japanese patent application laid-open
No. 2004-186679). As shown i FIG. 1 of the non-patent
document 1 and FIG. 3 of the patent document 3, in the
recessed-gate FET, a portion under the gate electrode 1n the
barrier layer and the cap layer 1s deeply etched.

By using such a recessed-gate FET, 1t 1s said that the gate
ellfectiveness ol the transistor can be increased almost without
reducing outputs of the electric current and electric power,
and that this recessed gate structure 1s formed by reactive 10n
ctching and the like using BCl; gas and the like. However,
since a gas 1on etching 1s required 1n order to produce a
recessed-gate FET, the process becomes complicated. Also,
since gas activated by plasma is used for etching, the etched
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semiconductor surface 1s damaged. Also, since the reactive
ion etching 1s not very accurate, it 1s difficult 1n reality to
obtain appropriate recessed-gate FET's with a good reproduc-
1bility.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a heterostructure
FET according to the first embodiment of the present mnven-
tion.

FIG. 2 1s a graph showing relationships between a thick-
ness ol the AlGaN barrier layer and electron mobility, two-
dimensional electron gas density and sheet resistance of the
channel when 2-nm-thick SiN 1s deposited.

FIG. 3 1s a graph showing relationships between a thick-
ness of the AlGaN barrier layer and electron mobility, two-
dimensional electron gas density and sheet resistance of the
channel when 2-nm-thick SiN 1s deposited.

FIG. 4 1s a graph showing relationships between a thick-
ness of S1IN and electron mobility, two-dimensional electron
gas density, and sheet resistance of the channel at room tem-
perature 1n a specimen whose AlGaN barrier layer has a film
thickness of 8 nm.

FIG. 5 1s a graph showing relationships between a thick-
ness ol S1IN and room-temperature electron mobility, two-
dimensional electron gas density, and sheet resistance of the
channel at different positions of waters where SiN i1s not
deposited and where 2-nm-thick SiN 1s deposited 1n a speci-
men whose AlGaNN barrier layer has a thickness of 6 nm.

FIG. 6 1s a diagram showing a schematic configuration of
an RF-MBE apparatus used for an RF-MBE method.

FIG. 7 1s a schematic diagram showing a heterostructure
FET according to the second embodiment of the present
invention.

FIG. 8 1s a schematic diagram showing an FET without an
insulating film, for describing features of the present mnven-
tion.

DISCLOSURE OF THE INVENTION

It 15 an object of the present mvention to provide a GaN-
based heterostructure transistor capable of achieving a high
output, high breakdown voltage, high speed, and high fre-
quency.

It 1s another object of the present invention to provide a
heterostructure FE'T using a barrier layer having an even film
thickness without having a recessed-gate structure.

It 1s another object of the present invention to provide a
heterostructure FET whose a two-dimensional electron gas
density 1s high, which has an excellent transconductance and
1s capable of obtaining a large output.

It 1s another object of the present invention to provide a
heterostructure FE'T capable of realizing a high speed and
high frequency by a gate electrode miniaturization.

The present invention 1s basically related to a heterostruc-
ture FE'T and a production method therefore, wherein a high
two-dimensional electron density and a high transconduc-
tance can be achieved by deposition of an insulating film on a
surface of an elemental device in a GalN-based heterostruc-
ture FET.

At least one of the above-mentioned objects can be
achieved by a field-eflect transistor according to the first
aspect of the present invention which 1s a GaN-based field-
elfect transistor having a heterostructure including a channel
layer and a barrier layer; and an insulating film on a transistor
device surface. Having an insulating film on the surface of the
clemental device, the surface potential of the barrier layer can
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be reduced, and the electric field effect due to the surtace
states for the polarization efiect at the heterointerface can be
reduced. Consequently, the two-dimensional electron density
1s increased, so that a high output can be obtained. It 1s to be
noted that a “GaN-based FE'T” means an FE'T whose compo-
sition of the channel layer 1s GaN (or InGalN), such as an
AlGalN/GaN heterostructure FET.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described in claim 1, wherein the msulating
f1lm comprises any one of S1N, S10,, S10N, Al,O;, and AIN.

A preferable aspect of a field-etiect transistor 1s the field-
elfect transistor described in claim 1, wherein the msulating
film comprises SIN formed by a hot wire CVD method.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n claim 1, wherein a change 1n
clectron mobility 1n a range within 20 mm from a specific
position of the field-eflect transistor 1s equal to or less than
10%.

A preferable aspect of a field-effect transistor 1s the field-
elfect transistor described 1n claim 1, wherein a change 1n
two-dimensional electron density 1n a range within 20 mm
from a specific position of the field-effect transistor 1s equal to
or less than 10%.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the insulating film 1s 1 nm-1 pum.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein
the msulating film comprises SiN formed by a hot wire CVD
method, and a thickness of the mnsulating film 1s 1 nm-100 nm.

A preferable aspect of a field-effect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein
the channel layer comprises GalN and the barrier layer com-
prises AlGaN.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the barrier layer 1s 1-30 nm.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the barrier layer 1s 3-20 nm.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the barrier layer 1s 5-15 nm.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the channel layer 1s 100 nm-10 pm.

A preferable aspect of a field-effect transistor 1s a field-
clfect transistor, wherein a butler layer, a channel layer com-
posed of GalN, and a barrier layer composed of AlGaN are
formed on a substrate 1n this order; a thickness of the barrier
layer 1s 1-30 nm; and an insulating film 1s provided on a
transistor device surface.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described in any one of the above, wherein
the insulating film comprises any one of SiN, S10,, S10ON,
Al,O,, and AIN.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein
the msulating film comprises SiN formed by a hot wire CVD
method.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
change 1n electron mobility 1n a range within 20 mm from a
specific position of the field-effect transistor 1s equal to or less
than 10%.

A preferable aspect of a field-efiect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
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change 1n a two-dimensional electron density 1 a range
within 20 mm from a specific position of the field-etiect
transistor 1s equal to or less than 10%.

A preferable aspect of a field-effect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein a
thickness of the insulating film 1s 1 nm-1 pm.

A preferable aspect of a field-effect transistor 1s the field-
elfect transistor described 1n any one of the above, wherein
the msulating {ilm comprises SiN formed by a hot wire CVD
method, and a thickness of the mnsulating film 1s 1 nm-100 nm.

A preferable aspect of a field-effect transistor is the field-
elfect transistor described 1n any one of the above, wherein a
spacer layer 1s provided between the channel layer and the
barrier layer.

The second aspect of the present ivention relates to a
method of producing a field-effect transistor having a hetero-
structure including: a step of forming a buffer layer, a channel
layer of GaN, and a barrier layer of AlGaN in this order on a
substrate; a step of forming a source electrode, a gate elec-
trode, and a drain electrode; and a step of forming an msulat-
ing {ilm on a surface of the barrier layer.

A preterable aspect of a method of producing a field-effect
transistor 1s the method of producing a field-efiect transistor
having a heterostructure as described in claim 21, wherein the
step of forming the insulating film on the surface of the barrier
layer uses any one of SiN, S10,,, S1ON, Al,O,, and AIN as a
raw material, and forms the insulating film by a hot wire CVD
method.

A preferable aspect of a method of producing a field-effect
transistor 1s the method of producing a field-effect transistor
having a heterostructure as described 1n claim 21, wherein a
thickness of the insulating film 1s 1 nm-1 pm.

A preterable aspect of a method of producing a field-effect
transistor 1s the method of producing a field-efiect transistor
having a heterostructure as described 1n claim 21, wherein a
thickness of the barrier layer of AlGaN 1s 3 nm-20 nm.

As verified by examples that will be described later, the
(GaN-based heterostructure FE'T of the present invention can
reduce the surface potential of the barrier layer by deposition
of an insulating film on a surface of the AlGaN and the like
barrier layer. Accordingly, the electric field effect due to the
surface states can be reduced, so that the two-dimensional
clectron density 1s consequently increased, and a high output
can be obtained. Specifically, for the GaN-based heterostruc-
ture FET of the present invention, one with a configuration
having an SiN nsulating film formed by a hot wire CVD
method 1s preferable, and one 1n which a spacer layer of a
specific composition 1s used in combination 15 more prefer-
able. As shown in the examples, the heterostructure FET of
the present invention achieves a more remarkable effect when
a thickness of the barrier layer 1s made 12 nm or less (espe-
cially 10 nm or less), and a large transconductance can be
obtained without reducing the maximum output current and
pPOWEL.

Namely, according to the present invention, a heterostruc-
ture transistor capable of achieving a high output, high break-

down voltage, high speed, and high frequency can be pro-
vided.

According to the present invention, a heterostructure FET
using a barrier layer having an even film thickness without
having a recessed-gate structure can be provided.

According to the present invention, a heterostructure FET
whose a two-dimensional electron gas density 1s high, which
has an excellent transconductance characteristic, and which 1s
capable of obtaining a large output can be provided.
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According to the present invention, a heterostructure FET
capable of realizing a high speed and a high frequency by gate
clectrode miniaturization can be provided.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

(1. Heterostructure FET)

Hereinaiter, embodiments of the present invention will be
described according to the drawings. As described above, the
heterostructure FET of the present invention 1s basically a
(GaN-based heterostructure FE'T having a heterostructure
including a channel layer and a barrier layer, and which has an
insulating film on a transistor surface, wherein the number of
surface states can be reduced, a polarization effect 1n hetero-
structure 1s 1ncreased, a two-dimensional electron density 1s
increased, and a high output can be obtained by deposition of
an insulating film on a surface of an AlGaN barrier layer.
Also, the heterostructure FET of the present invention can
obtain a higher effect when the thickness of the barrer layer
1s thinner compared to a conventional barrier layer, and an
excellent transconductance can be obtained without reducing
the output current and power.

(1.1. Outline of Heterostructure FET)

FIG. 1 1s a schematic diagram showing a heterostructure
FET according to the first embodiment of the present mnven-
tion. As shown 1n FIG. 1, the heterostructure FET according,
to the present invention includes a substrate 2, a bufler layer
3 provided on the substrate, a channel layer 4 provided on the
butler layer, a spacer layer 5 provided on the channel layer,
and a barrier layer 6 provided on the spacer layer. As shown 1n
FIG. 1, a source electrode 7, a gate electrode 8, and a drain
clectrode 9 are provided 1n this embodiment. Also, an 1nsu-
lating film 10 1s deposited on a surface of the element device,
so that the surface of the element device 1s stabilized. It 1s to
be noted that the heterointerface 1s formed between the chan-
nel layer and the spacer layer. It 1s to be noted that the het-
erostructure FET according to the present invention may be
an FE'T with an MIS (Metal-Insulator-Semiconductor)-gate
configuration as will be later described 1n FIG. 7.

(1.2. Substrate)

As a substrate, a publicly known substrate used for a GaN-
based heterostructure FET can be adopted. As a material of a
substrate, sapphire, S1C, GaN, or AIN can be mentioned, and
the sapphire 1s preferable thereamong.

(1.3. Builer Layer)

A butfer layer1s also called a nucleation layer. A difference
of lattice constants between the sapphire substrate and GaN 1s
as large as approximately 16.3%. Accordingly, if the GaN
layer (channel layer) i1s directly grown on the sapphire sub-
strate, defects and dislocations of an extremely high density
are generated 1n the GaNN layer, so that a high-quality crystal
cannot be obtained. In order to avoid such a situation, a butier
layer 1s provided between the substrate and the GaN layer. As
a composition of the buffer layer, a publicly known compo-
sition of the buffer layer used for a GaN-based heterostructure
FET 1n addition to an AIN can be mentioned. While the film
thickness of the buffer 1s not specifically limited, 10 nm-1000
nm can be mentioned, 100 nm-3500 nm 1s preferable, 200
nm-400 nm 1s more preferable, and 250 nm-350 nm 1s further
more preferable.

(1.4. Channel Layer)

A channel layer 1s a layer that forms the heterointerface. As
the composition of the channel layer, GaN or InGaN can be
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mentioned, and GaN 1s preferable. As the film thickness of the
channel layer, 100 nm-10 um can be mentioned, while 500
nm-3 um 1s preferable, and 1 um-2 um 1s more preferable. A
transistor having gallium nitride (GaN) as the channel layer
can obtain a high output since the band gap of the GaN 1s as
large as approximately 3.4 eV. Also, this transistor can per-
form a high-voltage operation. Supposing the composition of

the InGaN to be InGa,_;IN, 0.0001-0.2 can be mentioned as
X, which 1s preferably 0.001-0.03.

(1.5. Spacer Layer)

A spacer layer 1s an arbitrary thin layer provided between
the channel layer and the barrier layer. The heterointerface 1s
an interface between the channel layer and the spacer layer.
The heterostructure FET according to the first embodiment of
the present mvention described in FIG. 1 has a spacer layer.
However, a spacer layer 1s not indispensable in the hetero-
structure FET of the present invention. In this case, an inter-
face between the channel layer and the barrier layer assumes
the heterointerface. As the composition of the spacer layer,
AIN, AlGaN, InAlGaN, or GaN can be mentioned, wherein
AIN, or AlGaN 1s preferable, and AIN 1s more preferable. As
the film thickness of the spacer layer, 0.1 nm-35 nm can be
mentioned, while 0.5 nm-3 nm 1s preferable, and 1 nm-2 nm

1s more preferable. It 1s to be noted that assuming that the
AlGaN composition 1s Al ,Ga,_,N, X 15 0.0001-0.9999, and a

preferable X 15 0.1-0.6. Assuming that the InAlGaN compo-
sition 1s In,AlGa, - ;N, 0.0001-0.2 can be mentioned as X,
and a preterable X 15 0.001-0.05, 0.1-0.9 can be mentioned as
Y, while a preferable Y 1s 0.2-0.6. It 1s to be noted that
specifically when the isulating film 1s formed by a hot wire
CVD method, Y may be 0.3 or more, 0.4 or more, or 0.45 or
more 1n forming a preferable spacer layer.

(1.6. Barner Layer)

A barrier layeris alayer having a larger band gap compared
to a channel layer. In the heterostructure FET of the present
invention, while AlGaN or InAlGaN can be mentioned as the
barrier layer, a barrier layer composed of AlGaN (AlGaN
barrier layer) 1s especially preferable. It 1s to be noted that
while the barrier layer may be one having the gate electrode
portion dug down as 1n a recessed-type, a barrier layer having
an even film thickness which 1s not a recessed-type 1s prefer-
able. While the recessed-type FETs are hard to be processed
with a good reproducibility, ones with a fixed thickness of the
barrier layer can be processed with a good reproducibility.
Also, as will be described later, a higher two-dimensional
clectron density can be achieved by the imsulating layer in the
present invention, a complicated form as in the recessed-type
1s not necessary. Assuming that the AlGaN composition of the
AlGaN barrier layer 1s Al.Ga,_ N, 0.0001-0.9999 can be
mentioned as X, and a preferable X 1s 0.1-0.9, while X may
also be 0.1-0.5, 0.2-0.4, or 0.3-0.6.

Since the present mvention has an insulating layer on the
surface of the element device, as will be shown 1n the embodi-
ments that will be later described, a high two-dimensional
clectron density can be maintained. Consequently, the barrier
layer may be made thin, and a high transconductance can be
achieved. Therefore, while the film thickness of the barrier
layer 1s not specifically limited, 1 nm-50 nm can be men-
tioned, and while 1-30 nm 1s preferable, 1 nm-20 nm 1s more
preferable, 2 nm-15 nm 1s further more preferable, and 5-12
nm 1s especially preferable, selection from 3 nm-20 nm, 5
nm-15 nm, 1 nm-10 nm, 5 nm-10 nm, 10 nm-15 nm, 10
nm-100 nm, 20 nm-100 nm, 25 nm-50 nm, 10 nm-25 nm, 5
nm-50 nm or the like may be appropriately made. It 1s to be
noted that as will be described later, a large effect can be
produced by providing the insulating film when the film
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thickness of the barrier layer 1s 20 nm or less, and an eflfect
such that a large transconductance can be achieved without
decreasing the maximum output current and power can be
exerted when the film thickness of the barrier layer 1s prefer-
ably 15 nm or less, and more preferably when the film thick-
ness of the barrier layer 1s 12 nm or less.

(1.7. Electrode)

As an electrode used for the heterostructure FET of the
present invention, a publicly known electrode used for a het-
crostructure FET can be adopted. As such an electrode, one
composed of a source electrode 7, a gate electrode 8, and a
drain electrode 9 can be mentioned.

(1.8. Insulating Fi1lm)

An nsulating film 1s a film formed on the transistor element
surface that stabilizes the surface of the AlGaN barrier layer
which 1s chemically and electrically active. As the insulating,
f1lm, one composed of any one of or more than one of SiN,
S10,, S10N, Al,O,, and AIN can be mentioned. The insulat-
ing film 1s preferably composed of any one of these materials.
A preferable material among them 1s SiN. Specifically, the
insulating film composed of SiN formed by a hot wire CVD
method 1s preferable. With the insulating film, the two-dimen-
sional electron density of the FET can be increased, and the
transconductance can be increased, so that the output of the
FET can be increased. Additionally, by covering the AlGalN
barrier layer surtace with the insulating film, degradation due
to oxidization or the like can be prevented, and the operation
of the element device can be stably maintained for a long
period. Namely, the insulating film also works as a protective
f1lm for stabilization of the element surface.

As the average film thickness of the mnsulating film, while
depending on the composition of the insulating film, e.g. 1
nm-1 um can be mentioned for guaranteeing the function of
the msulating film, 10 nm-300 nm 1s acceptable, 10 nm-300
nm 1s also acceptable, and 20 nm-40 nm 1s also acceptable, 20
nm-200 nm 1s preferable. It 1s to be noted that 1n case of a
ficld-etlect transistor of a so-called MIS (Metal-Insulator-
Semiconductor)-gate configuration as will be later described
in FIG. 7, the msulating film 1s preterably thin, and as an
average film thickness of the msulating film, 1 nm-120 nm
can be mentioned, while 1 nm-10 nm 1s preferable, 1.5 nm-6
nm 1s more preferable, and 1.5 nm-3 nm 1s further more
preferable.

(2. Effects)

Effects of the insulating film deposition in the AlGaN/GaN
heterostructure FE'T according to the present invention will
now be described.

In FIG. 2, dependencies on the AlGaN barrier layer thick-
ness for the electron mobility, the two-dimensional electron
density, and the channel sheet resistance are plotted for
Al, ,Ga, [N/GaN heterostructure FETs having an
Al,.Ga, (N barrier layer of a thickness from 8 to 20 nm with
and without a 30-nm-thick SiN insulating film deposited on
the AlGaN surtace. FI1G. 2(a) 1s a graph showing the electron
mobility. In FIG. 2(a), blackened marks indicate ones without
S1N mnsulating film deposition, while outlined marks indicate
ones with 30 nm of the SiN isulating film deposition. Com-
pared to the ones without the SiN 1nsulating film, 1t 1s seen that
the ones with the SiN 1nsulating film deposited on the AlGaN
surface have mobilities slightly reduced. However, 1t 1s seen
that for ones with the SiN isulating film deposited on the
AlGaN surface, the mobility when the film thickness of the
AlGaN barrier layer changes to 8 nm-20 nm 1s almost con-
stant as 640 cm”/Vs-700 cm”/Vs, and the dispersion is small.
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FIG. 2(b) 1s a graph showing the two-dimensional electron
density. In FIG. 2(b), blackened marks 1ndicate ones without
S1N 1nsulating film deposition, while outlined marks indicate
ones with 30 nm of the SiN insulating film deposition. It 1s
seen from FIG. 2(b) that compared to the ones without the
S1N insulating film, ones with the SiN insulating film depos-
ited on the AlGaN surface have two-dimensional electron

densities largely increased. Moreover, 1t 1s seen that for ones
with the SiN insulating film deposited on the AlGaN surface,
the values of the two-dimensional electron densities when the
f1lm thickness of the AlGaN barrier layer changes to 8 nm-20
nm are almost constant between 2.6x10'°cm™2-3.2x10"°
cm™>, and the dispersion is small. Also, it is seen that the
thinner the film thickness of the AlGaN barrier layer, the
difference between the two-dimensional electron densities
for ones with and without the SiN 1nsulating film 1s more
notable.

FIG. 2(c) 1s a graph showing the channel sheet resistance.
In FIG. 2(c), blackened marks indicate ones without SiN
insulating film deposition, while outlined marks indicate ones
with 30 nm of the SiN 1nsulating film deposition. The channel
sheet resistance shown 1n FIG. 2(¢) 1s 1n inverse proportion to
the product of the mobility and the two-dimensional electron
density. Thus, when there 1s an SiN insulating film, the chan-
nel resistance decreases compared to the case without the S1IN
insulating film. It 1s also seen that the efiect thereof appears
more notably when the AlGaNN barrier layer 1s thin. Conse-
quently, the ones without SiN msulating film deposition
increase their sheet resistances as the AlGaN film thickness 1s
reduced monotonically, while very little increase 1s seen in
the ones with the SiN 1nsulating film deposition.

In FIG. 3, dependencies on the AlGaN barrier layer film
thickness for electron mobility, two-dimensional electron
density, and channel sheet resistance are plotted {for
Al, ,Ga, [N/GaN heterostructure FETs having an
Al, ,Ga, (N barrier layer of a thickness from 4 to 10 nm with
and without 30 nm of SiN 1nsulating film deposited on the
AlGaN surface. FIG. 3(a) shows the electron mobility, FIG.
3(b) shows the two-dimensional electron density, and FIG.
3(c) shows the channel sheet resistance. In FIG. 3, blackened
marks indicate ones without SiN 1nsulating film deposition,
while outlined marks indicate ones with 2 nm of the SiN
insulating film deposition.

FIG. 3(a) 1s a graph showing the electron mobaility. It 1s seen
that for the ones with the S1N msulating film deposited on the
AlGaN surface, the mobility when the film thickness of the
AlGaN barrier layer changes from 4 nm-10 nm 1s almost
constant as 670 cm*/Vs-740 cm”/Vs, and the dispersion is
small.

FIG. 3(b) 1s a graph showing the two-dimensional electron
density. It 1s seen from FIG. 3(d) that compared to the ones
without the SiN insulating film, 1n the ones with the SiN
insulating film deposited on the AlGaN surface, the two-
dimensional electron densities are largely increased. More-
over, 1t 1s seen that for the ones with the SiN 1nsulating film
deposited on the AlGaN surface, the values of the two-dimen-
sional electron densities when the thickness of the AlGaN
barrier layer changes to 4 nm-10 nm are almost constant
between 2.6x10"° cm™*-3.2x10'® cm™2, and the dispersion is
small. Also, 1t 1s seen that the thinner the thickness of the
AlGaN barrier layer, the difference between the two-dimen-
sional electron densities for ones with and without SiN 1nsu-
lating film 1s more notable.

FIG. 3(c¢) 1s a graph showing the channel sheet resistance.
It 1s seen from F1G. 3(c¢) that compared to the ones without the
S1N insulating film, the ones with the SiN insulating film
deposited on the AlGaN surface have lower channel sheet
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resistances which show almost constant values even 1t the
thickness of the AlGaN barrier layer changes.

As 1n the case of 30 nm of SiN insulating film shown 1n
FI1G.2, it1s seen from FIG. 3 that compared to the case without
deposition, 1in the case where 2 nm of the SiN insulating film
1s deposited on the AlGaNN surface, the two-dimensional elec-
tron density i1s largely increased, and the sheet resistance 1s
largely decreased consequently. Also, the thinner the thick-
ness of the AlGaN barrier layer, the difference between the
two-dimensional electron densities for ones with and without
the SiN insulating film 1s more notable.

These results are speculated to be attributable to the large
decrease 1n the density of the surface states, due to neutral-
1zation of almost all of the high density surface states indi-
cated by fixed charge existing on the AlGaN surface. It 1s
speculated that when the thickness of the AlGaN barrier layer
1s thin, since the effect of the field where the surface states are
generated (1n this case, exerted 1n the direction to reduce the
clectron density of the channel) 1s large, a larger difference
occurs between the cases with and without the SiN 1nsulating
{1lm.

Reducing the thickness of the AlGaN barrier layer leads to
improving the eflectiveness of the gate and increasing the
transconductance. However, usually 1n the case of an AlGalN/
GaN heterostructure, the two-dimensional electron gas den-
sity of the channel 1s decreased by the reduction of the thick-
ness, resulting 1n a disadvantage that the channel resistance 1s
increased. However, by neutralizing the surface states using
the insulating film deposition of the present invention, the
AlGaN barrier layer can be made thin without reducing the
two-dimensional electron density. This enables the resistance
ol the entire element 1n the AlGaN/GaN heterostructure FET
to be held low, thereby leading to increases 1n drain current,
output electric power, and transconductance.

In FIG. 4, the electron mobility, two-dimensional electron
density, and channel sheet resistance are plotted {for
Al, ,Ga, [N/GaN  heterostructure FETs having an
Al, ,Ga, (N barrier layer whose film thickness 1s 8 nm with-
out an SiN insulating film deposited on the AlGaN surface,
with deposition of 2 nm, and with additional deposition of
120 nm (total deposition of 122 nm). As seen from FIG. 4,
large 1ncrease in two-dimensional electron density and
decrease 1n sheet resistance appear between the cases with
and without the SiN deposition of 2 nm, however, large dii-
ferences do not appear between the S1N deposition of 2 nm
and the SiN deposition o1 122 nm. Accordingly, 1t 1s seen that
the large increase in two-dimensional electron density by the
S1IN deposition 1s an effect exerted only by covering the
surface with the SiN regardless of the SiN film thickness.

In FIG. 5, position dependencies on a waler for the electron
mobility, the two-dimensional electron density, and the chan-
nel sheet resistance are plotted for Al, ,Ga, [N/GaN hetero-
structure FETs having an Al, ,Ga, (N barrier layer whose
film thickness 1s 6 nm without SiN insulating film deposited
on the AlGaN surface and with deposition of 2 nm. FIG. 5(a)
shows the electron mobility, FIG. 5(5) shows the two-dimen-
sional electron density, and FI1G. 5(¢) shows the channel sheet
resistance. Positions of the horizontal axis indicate distances
from the center of a 2-1nch water to measured points. Namely,
as the numeric value increases, the measured position 1s
moved from the center to the edge of the substrate. In FIG. 5,
blackened marks indicate ones without SiN isulating film
deposition, while outlined marks 1ndicate ones with 2 nm of
the SiN isulating film deposition. As seen from FIG. 5(a)-
FIG. 5(c¢), dispersions of mobaility depending on the position
on the water appear for the ones without the SiN 1nsulating
film deposition on the AlGaN surface. This indicates that
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since the AlGaN barrier layer surface 1s extremely close to the
channel, the difference of the AlGaN surface state density due
to minimal differences in growth conditions greatly affects
the mobility of electron 1n the channel. However, by deposi-
tion of the SiN 1nsulating film for 2 nm, as described above,
almost all of the high density surface states indicated by fixed
charges existing on the AlGaN surface i1s neutralized, the
density of the surface states 1s largely decreased, so that a
difference in electron density by the positions on the water 1s
climinated, and the uniform electron mobility 1n the wafer
plane can be obtained. Consequently, the uniformity of sheet
resistance 1n the plane 1s also largely improved.

Namely, as described above, even 1f the film thickness 1s
minimal, the S1N 1nsulating film yields effects on the mobility
and the electron density, as shown 1n FIG. 5(a), for the ones
with the SiN insulating film deposited on the AlGaN surface,
the electron mobility on the water 1s almost constant as 730
cm?/Vs-750 ¢cm®/Vs, and the change in election mobility
within the range of 20 mm from a specific position (percent-
age of the difference between the maximum value and the
minimum value electron mobility when the maximum value
1s assumed to be 100%) 1s 10% or less (preferably 5% or less).

FIG. 5(b) 1s a graph showing the two-dimensional electron
density. It 1s seen from FIG. 5(b) that compared to the case
without deposition, 1n the case where 2 nm of the SiN 1nsu-
lating film 1s deposited on the AlGaN surface, the two-dimen-
sional electron density 1s largely increased. Also, for the one
with the SiN insulating film deposited on the AlGaN surface,
the two-dimensional electron density on the water 1s almost
uniform between 2.25x10"°cm™2-2.35x10"cm™=, and the
change of the two-dimensional electron density within the
rage of 20 mm from a specific position (percentage of the
difference between the maximum value and the minimum
value of the two-dimensional electron density when the maxi-

mum value 1s assumed to be 100%) 1s 10% or less (preferably
5% or less).

FIG. 5(c¢) 1s a graph showing the channel sheet resistance.
It 1s seen from FIG. 5(c) that compared to the one without
deposition, in the one with the SiN sulating film deposited
on the AlGaN surface, the channel sheet resistance 1s low, and
assumes an almost constant value (specifically, 360€2/[ -
3°70€2/[]) even if the film thickness of the AlGaN barrier layer
changes. More specifically, the change of the sheet resistance
within the range of 20 mm from a specific position (percent-
age of the difference between the sheet resistance when the
maximum value 1s assumed to be 100%) 1s 10% or less (3% or
less).

(3. Production Method)

The heterostructure FET of the present mnvention can be
produced by growing crystal with publicly known methods
such as RF plasma molecular beam epitaxy (RF-MBE), gas
source molecular beam epitaxy using ammonia gas, and
metalorganic vapor phase epitaxy. For example, 1n the crystal
growth method for AlGaN/GaN heterostructure FET struc-
ture by RF-MBE, 1n case of GaN, the substrate placed 1n an
ultrahigh vacuum growth chamber 1s heated, the gallium
molecular beam evaporated from gallium source heated in the
Knudsen cell and the nitrogen radicals obtained by decom-
posing nitrogen gas (N,) with RF plasma are simultaneously
provided to the substrate, whereby the GalN crystal can be
grown. In case of growing AlGaN, its production 1s possible
by further providing aluminum molecular beam to the sub-
strate (1or example, see Japanese patent application laid-open
No. 2003-192497). Also, the heterostructure FET may be
produced by a method described 1n Japanese patent applica-
tion laid-open No. 2003-258005, and Japanese patent appli-




US 7,547911 B2

11

cation laid-open No. 2003-243424. Hereinafter, method for
producing the heterostructure FET structure of the present
invention will be described referring to the drawings.

FIG. 6 1s a diagram showing a schematic configuration of
an RF-MBE apparatus used for the RF-MBE method. In the
RF-MBE apparatus, a heater 12 1s provided in a growth cham-
ber 11 for which ultrahigh vacuum can be realized by a
vacuum pump (figures omitted), and a sapphire substrate 13 1s
heated up by this heater. Also, an Al cell 14a, a Gacell 145, an
In cell 14¢, and an RF plasma cell 144 for irradiating molecu-
lar beams and radicals on the sapphire substrate 13 are pro-
vided, each of which can be opened and closed by a shutter
15. It 1s to be noted that FIG. 6 shows an example at the time
where shutters for the Al cell 14a and the RF plasma cell 144
are opened.

Hereinafter, an example where the epitaxial structure
shown 1n FIG. 1 1s produced by using the RF-MBE apparatus
shown 1n FIG. 6 will be described. It 1s to be noted that ﬁrstlyj
the sapphire substrate 13 i1s cleaned by using an organic
solvent. In order to improve a heat-up capability, high melting
point metal 1s vacuum metallized on the back side of the
sapphire substrate 13. The sapphire substrate 13 1s placed
with 1ts back side facing the heater 12 1n the growth chamber
11, heated up to approximately 800 degrees C. or more, the
substrate surface of the sapphire substrate 13 is cleaned at a
high temperature.

Thereafter, the substrate temperature 1s lowered to approxi-
mately 300 degrees C., a high-purity nitrogen gas 1s decom-
posed by the RF plasma cell 144, The nitrogen radicals thus
obtained are provided onto the sapphire substrate 13 for nitri-
dation of the sapphire substrate surface, thereby forming a
thin aluminum nitride film on the surface. As the plasma
power, 100W-700W can be mentioned, and 200W-600W 1s
preferable. As the flow rate of the nitrogen gas, 0.1 sccm-2.0
sccm can be mentioned, where 0.3 sccm-1.5 scem 1s prefer-
able, and 0.5 sccm-1.2 sccm 1s more preferable.

Successively, the temperature of the sapphire substrate 13
1s increased by the heater 12 to 900 degrees C., for example.
Then, by heating 1n the Knudsen cell, the aluminum molecu-
lar beam 1s obtained. The aluminum molecular beam and the
nitrogen radicals generated by the RF plasma are simulta-
neously provided onto the sapphire substrate 13, thereby
growing the AIN builer layer.

Herein, as the growth temperature of the AIN butfer layer,
700 degrees C. or more can be mentioned, while a preferable
temperature range 1s 800 degrees C.-900 degrees C. In case
the temperature 1s 700 degrees C. or above, growth of Al polar
AlIN 1s realized where AIN and GaN layers with better quality
can be grown on the Al-polar AIN than on the N polar one.
Also, 1n case the temperature 1s 600 degrees C. or below, the
polarity of the AIN buitfer layer tends to be N polarity.

Thereatter, the shutter 15 of the Al cell 144 1s closed and the
shutter 15 of the Ga cell 14b 1s opened. With this process, the
gallium molecular beam and the nitrogen radicals are simul-
taneously provided onto the sapphire substrate 13, thereby
growing the GaN layer on the AIN bufler layer.

Herein, as the growth temperature of the GaN layer, 650
degrees C. or above can be mentioned, and the preferable
temperature range 1s 700 degrees C.-800 degrees C. When the
temperature 1s 800 degrees C. or above, the amount of Ga
atoms that are not taken into the GalN crystal during the
growth becomes extremely large, the growth rate becomes
extremely reduced. On the other hand, when the temperature
1s 700 degrees C. or below, the crystal quality of the GaN layer
will be poor.

After the growth of the GaNN layer up to the predetermined

thickness as described above, the shutter 15 for the Al cell 144
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1s opened with keeping the shutters 15 for the Ga cell 145 and
the nitrogen open. This leads to the growth of the AlGaN
layer.

It 1s to be noted that an AIN spacer layer may be formed
before forming the AlGaN layer.

Herein, the growth temperature of the AlGaN layer has the
same condition as that of the GaN, wherein the preferable
temperature range 1s 700 degrees C.-800 degrees C. When the
temperature 1s 800 degrees C. or above, the amount of Ga
molecular beam that 1s not taken into the AlGaN crystal
during the growth becomes extremely large, the growth rate
becomes extremely reduced so that 1t becomes difficult for
determining the composition of the AlGaN. Also, when the
temperature 1s 700 degrees C. or below, the crystal quality of
the AlGaN layer will be poor.

As the growth rate of the AlGaN layer, 1 nm/hr-5000 nm/hr
can be mentioned, while 10 nm/hr-2000 nm/hr 1s preferable,
and 50 nm/hr-1000 nm/hr 1s more preferable, 100 nm/hr-800
nm/hr 1s further more preferable, and 300 nm/hr-700 nm/hr 1s
especially preferable. This 1s because if the growth rate 1s too
slow or too fast, crystal with an excellent crystal quality 1s
hard to be obtained.

Next, electrodes (source, gate, and drain electrodes) are
formed by publicly known methods.

After forming the electrodes, the msulating film 1s depos-
ited. The 1nsulating film may be formed by a CVD (chemical
vapor deposition) method using materials formed of any one
of or more than two of SiN, S10,,, S1ION, Al,O,, or AIN. As the
CVD method used for forming an insulating film, a thermal
CVD, an ECR-CVD, a VHF-CVD, and a hot wire CVD can
be mentioned, wherein the hot wire CVD method 1s prefer-
able. The hot wire CVD 1s a method utilizing a catalytic effect
of a tungsten surface, which is also called a catalytic CVD or
a hot filament CVD.

For the hot wire CVD, apparatus and method described 1n
¢.g. Japanese patent application laid open No. 2004-27326,
Japanese patent No. 1704110, Japanese patent No. 3145536,
Japanese patent application laid-open No. 2000-277301,
Japanese patent application laid open Nos. 2000-2773502,
2004-35981, 2004-91802, 2004-91821, 2004-99917, and
2004 - 103745 may be used as appropriate.

For example, as raw gas when forming the SiN 1nsulating,
film, any one of or a plurality of compounds of hydrogen,
nitrogen, or halogen element such as SiH,, Si1,H,., Si;H,,
SiF,, S1Cl,, S1C1,H, can be mentioned as silicon raw gas, and
cither one or both of NH, and N,O can be mentioned as
nitrogen raw gas (see Japanese patent application laid-open
Nos. 5-095120, 2000-208417), while preferable silicon raw
gas 1s S1H,, and preferable nitrogen raw gas 1s NHs,.

H,, N,, He, Ar, Ne, Xe, or the like may be used as gas for
dilution.

Upon film formation, these gasses are adjusted to a desired
flow rate and mixing ratio by using a pressure reducing valve,
a mass tlow controller, and the like, guided into a reaction
chamber, and provided to the heating element through numer-
ous gas vents formed on an external wall of a cassette main
body. As the heating element, high melting point metal such
as tungsten 1s generally used.

The gas pressure upon film formation may be setto 0.1-100
Pa, while 1.0-10 Pa 1s preferable, and 3-7 Pa 1s more prefer-
able. By setting the gas pressure within this range, the pro-
vided gas can be elfectively decomposed and transported.
Also, secondary reaction in the gas phase among reaction
products 1s suppressed, so that a high-quality msulating film
can be formed on the substrate as a result.

As the substrate temperature upon nsulating film deposi-
tion, 150 degrees C.-800 degrees C. can be mentioned, while
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200-500 degrees C. 1s preferable, and 200-400 degrees C. 1s
more preferable, but 250-500 degrees C., 300-500 degrees C.,
300-450 degrees C., or 350-400 degrees C. 15 acceptable. As
the deposition rate of the insulating film, 0.1 nm/hr-5000
nm/hr can be mentioned, while 1 nm/hr-100 nm/hr 1s prefer-
able, 1 nm/hr-50 nm/hr 1s more preferable, 1 nm/hr-30 nm/hr
1s Turther preferable, and 1 nm/hr-20 nm/hr 1s especially prei-
erable.

It 1s to be noted that as a measurement method of the
substrate temperature upon deposition 1n the present inven-
tion, measurement of temperature by a thermocouple may be
adopted. Also, for hot wire CVD, the temperature may be
measured by a thermocouple attached to a substrate holder.

Also, the thickness of each layer can be controlled by the
deposition time. The thickness may be measured from a
cross-sectional micrograph observed by TEM (transmission
clectron microscope). As a TEM apparatus, a transmission
clectron microscope (Model H-7100FA, manufactured by
Hitachi, Ltd.) can be mentioned as an example. Also, in order
to measure the thickness and the refractive index of the insu-
lating film, publicly known apparatuses such as an ellipsom-
eter can be used.

EXAMPLE 1

Hereinafter, an example of an AlGaN/GaN heterostructure
FET on a sapphire substrate produced by the above-men-
tioned growth method for GaN-based compound semicon-
ductors will be described.

A sapphire substrate was cleaned with organic solvent. The
sapphire substrate, which had high melting point metal tita-
nium evaporated on the back face in order to improve the
heat-up capability of the substrate, was set at a substrate
heater in the MBE growth chamber maintained at ultrahigh
vacuum (e.g., 10~'" Torr-10~"° Torr). Then, the substrate was
heated up to about 800 degrees C. and held at the temperature
for 30 minutes for a high temperature cleaning of the substrate
surface. Therealter, the substrate temperature was lowered to
300 degrees C. Subsequently, nitrogen radicals obtained by
decomposing nitrogen gas with the RF plasma were 1rradi-
ated thereto. The sapphire substrate surface was nitrided for
60 minutes, and a thin aluminum nitride layer was formed on
the surface.

The shutter 15 of the RF plasma cell 14d was lett open, and
without discontinuing the irradiation of nitrogen radicals to
the substrate surface, the substrate temperature was heated up
to 900 degrees C. Thereatter, the shutter of the Al cell 14a was
opened, the AIN buffer layer was grown until the thickness
assumed 300 nm. The substrate temperature was lowered to
730 degrees C. Thereaftter, the shutter of the Al cell 14a was
closed and the shutter of the Ga cell 145 was opened simul-
taneously, and the GaN layer was grown until the film thick-
ness assumed 1500 nm at the substrate temperature of 730
degrees C.

After the growth of the GaN layer 1s completed, the shutter
ol the Ga cell 145 was closed and the shutter of the Al cell 14a
was opened simultaneously, and the AIN layer was grown
until the film thickness assumed 1.3 nm. Thereatter, the shut-
ter of the Ga cell 145 was opened, and the AlGaNN layer was
grown until the film thickness assumed 8 nm.

After obtamning the semiconductor epitaxial structures,
clectrodes were formed. Insulation among adjoiming transis-
tors was obtained by reactive gas etching to the GaN layer.
Subsequently, a metal multilayer formed with Ti/Al/Ni/Au
was vacuum metallized on the AlGaN barrier layer, heated
with an infrared lamp to obtain an ohmic contact between the
semiconductor layer and the metal, so that source and drain
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clectrodes were prepared. The source-drain electrode spacing
was 5 um. Finally, by vacuum metalizing Ni/Au on the
AlGaN barrier layer to obtain a Schottky contact, a gate
clectrode of 1 um long and 50 um wide (deep) was prepared.

After completing the electrode process, an SiN insulating
f1lm whose thickness was 30 nm was deposited on the tran-
sistor surface by the hot wire CVD. Thereafter, in order to
allow probing upon measurement of device characteristics,

S1N opening was performed at the electrode metal pad portion
by providing areactive gas etching whereby the S1N 1s etched.

The transistor thus produced had a maximum drain current
density of 590 mA/mm and a maximum transconductance of

291 mS/mm.

COMPARAITIVE EXAMPLE 1

A heterostructure FET was produced with a similar process
to the example 1 except that the SiN deposition was not
performed. This heterostructure FET had a maximum drain
current density o1 425 mA/mm and a maximum transconduc-
tance of 229 mS/mm.

EXAMPLE 2

A heterostructure FE'T was produced with a similar process
to the example 1 except that the AlGaN thickness was 18 nm.
This heterostructure FET had a maximum drain current den-
sity of 725 mA/mm and a maximum transconductance ot 190
mS/mm.

COMPARAIIVE EXAMPLE 2

A heterostructure FE'T was produced with a similar process
to the example 2 except that the SiN deposition was not
performed. This heterostructure FET had a maximum drain
current density of 660 mA/mm and a maximum transconduc-
tance of 160 mS/mm.

From the example 1 and comparison example 1 as well as
the example 2 and comparison example 2, 1t 1s seen that the
thinner the thickness of the barrier layer, the current density
and the transconductance are improved due to the effect of the
insulating film.

EXAMPLE 3

A heterostructure FET was produced by using the AlGaN
film whose thickness 1s 10 nm, and with the same process as
that of the example 1 until the preparation of the source and
drain electrodes, wherealter the SiN insulating film was
deposited for 2 nm, and a gate electrode with a further reduced
length was prepared on the SiN insulating film by using
clectron beam lithography. Compared to the example 1, the
gate electrode metal was changed from Ni/Au to T1/Pt/Au, the
source drain electrode spacing was changed from 5 um to 2
um, the gate length was changed from 1 um to 0.06 um, the
gate width was changed from 50 um to 100 um. It 1s to be
noted that while the gate electrode was prepared on the
AlGaN barrier layer in the example 1, the gate electrode metal
was prepared on the SiN insulating film 1n the example 3, so
that a heterostructure FET with an MIS-gate structure as
shown 1n FIG. 7 was obtained. This heterostructure FET had
a maximum drain current density of 1.55 A/mm, a maximum
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transconductance of 340 mS/mm, a current gain cutoff fre-
quency of 152 GHz, and a maximum oscillation frequency of

173 GHz.
EXAMPLE 4

A heterostructure FE'T was produced with a similar process
to the example 3 except that an AlGalN thickness was 8 nm.
This heterostructure FET had a maximum drain current den-
sity of 1.25 A/mm, a maximum transconductance of 305
mS/mm, a current gain cutoil frequency of 163 GHz, and a
maximum oscillation frequency of 184 GHz.

EXAMPLE 5

A heterostructure FE'T was produced with a similar process
to the example 3 except that an AlGalN thickness was 6 nm.
This heterostructure FET had a maximum drain current den-
sity of 1.2 A/mm, a maximum transconductance of 336
mS/mm, a current gain cutoil frequency of 153 GHz, and a
maximum oscillation frequency of 182 GHz.

EXAMPLE 6

A heterostructure FET was produced with a similar process
to the example 3 except that an AlGaN thickness was 4 nm.
This heterostructure FET had a maximum drain current den-
sity of 1.05 A/mm, a maximum transconductance of 391
mS/mm, a current gain cutoil frequency of 127 GHz, and a
maximum oscillation frequency of 188 GHz.

INDUSTRIAL APPLICABILITY

The heterostructure FET of the present invention can be
utilized as an FET capable of supporting high speed and high
frequency.

The heterostructure FET of the present invention can be
utilized as a device used 1n an in-vehicle crash-avoidance
radar, an intelligent transport system (ITS), an on-vehicle
wireless device for such as inter-vehicle communication, or

the like.
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The heterostructure FET of the present invention can be
elfectively utilized 1n outer space or the like since 1t stably
operates at high temperature, and 1t 1s hard to be degraded by
the nuclear radiation. Therefore, the heterostructure FET of
the present mvention can be utilized as an electronic device
used 1n outer space such as in a satellite and a planetary
exploration spacecratt.

The invention claimed 1s:
1. A GaN-based field-effect transistor comprising;:
a substrate;
a butler layer;
a channel layer consisting of GalN;
a barrier layer consisting of AlGaN; and
an 1nsulating film on a surface of the GaN-based field-
effect transistor device,
wherein the GalN-based field-effect transistor has a hetero-
structure including the channel layer and the barrier
layer,
wherein the insulating film comprises S1N formed by a hot
wire CVD method,
wherein a thickness of the insulation film 1s 1 nm-100 nm,
wherein a thickness of the barrier layer 1s 1-30 nm, and
wherein the thickness of the barrier layer 1s constant.
2. The field-eftect transistor as claimed 1n claim 1, wherein
a change 1n an electron mobility 1n a range within 20 mm from
a specific position of the field-effect transistor 1s equal to or
less than 10%.
3. The field-eftect transistor as claimed 1n claim 1, wherein
a change in a two-dimensional electron density in a range
within 20 mm from a specific position of the field-etiect
transistor 1s equal to or less than 10%.
4. The field-eftect transistor as claimed 1n claim 1, wherein
a thickness of the barrier layer 1s 3-20 nm.
5. The field-eftect transistor as claimed 1n claim 1, wherein
a thickness of the barrier layer 1s 5-15 nm.
6. The field-eftect transistor as claimed 1n claim 1, wherein
a thickness of the channel layer 1s 100 nm-10 pum.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

